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INTRODUCTION

In the quest for projects that could support the air gun shock test facility, in
anticipation of declining workloads due to the shrinking defense dollar, the Seed
Project was conceived as a possible approach to create new business. The origin and
proposal to conduct a limited investigation to determine the possible effects of
extremely high "g" acceleration on the germination and growth response of tomato
plant seeds is indicated in the memorandum dated 20 Nov 1990 (app A).

DISCUSSION

The decision to select tomato seeds for the shock test experiment was influ-
enced by a project that NASA had undertaken. NASA used tomato seeds on board
the Long Duration Exposure Facility (LDEF) which was placed in orbit on 7 April 1984
by the space shuttle Challanger and retrieved by the space shuttle Columbia on 12
January 1990. The space exposed experiment developed for students (SEEDS) was
a cooperative project of the National Aeronautics and Space Administration (NASA)
Educational Affairs Division, NASA Langley Research Center, and the George W.
Park Seed Company of Greenwood, South CaroJina.* By selecting the same seeds as
NASA, it was hoped that a more direct correlation of test results could be achieved.

"Tomato seeds were selected for LDEF because:

e Their small size permits a large number to be flown
a They are from a familiar plant
e Tomato plants are relatively hardy and can be grown

throughout the United States.

The particular tomato seed selected was Rutgers California
Supreme (Lycopersicon Lycopersicum). Rutgers tomatoes
were developed in 1935 at Cook College of Rutgers
University by Professor Lyman G. Schermerhorn. Rutgers'
tomatoes are a nonhybrid variety that will produce plants
with relatively little variation in successive generations.
Consequently, changes in plant expression possibly
resulting from a high g environment and/or space exposure
will be more easily detected.

*National Aeronautics and Space Administration, "Seeds--Space Exposed Experi-
ment Developed for Students," Teachers' Guide Publication No. Ped-1 14, dated
1990.
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An equal number of tomato seeds from the same seed lot
as the flight seeds was placed in storage at the Park Seed
Company facilities. The seeds were stored in a controlled
environment at 210C (70 0F) and 20% relative humidity for 6
years.

The flight and control seeds were produced by plants
subjected only to the natural radiation of their environment.
All seeds were produced during the same growing season
and were chosen from a seed lot with a high germination
rate. The seeds received no chemical treatment."*

Initially, the plans were to plant the seeds in Pro-mix B potting soil only. But
then two opportunities came along that were difficult to let pass by. One was inspired
by the frequent news reports of the California drought for the past 5 years. What would
be the growth response in California desert soil? Inquires were made to the California
Department of Agriculture as to where tomatoes were grown, and if they could send a
5-lb sample of that soil. David Estrada, soil scientist of the USDA, Soil Conservation
Service of Escondido, California, was contacted and he agreed to send the sample
desert soil which is typical of Orange and San Diego counties.

The other opportunity occurred at the 8th Annua! North Jersey Regional
Science Fair held on 8-9 March 1991 at the Morristown High School in Morristown, NJ
which is funded entirely by corporate and private contributions. Although there were
many fine exhibits, one which caught my attention was a project entitled, "Growing
Tomatoes in Simulated Hawaiian Environment" by Alexandra R. Chutoransky, Grade
11, Immaculata High School, Somerville, NJ. I asked her if she would be interested in
growing our shock conditioned tomato seeds in her Hawaiian volcanic soil? She
responded positively. When her father, Peter Chutoransky, Chemical Engineer, PhD
heard about this, not only he and his daughter, but also Sister Mary Ann Besitka of
Immaculata High School expressed an interest in seeing the air gun facility which we
willinaly obliged. A test report describing their procedures, test results, and observa-
tions was prepared and is included in appendix B.

Description of the High "G" Air Gun Test Equipment

The high g air guns, located at Picatinny Arsenal, are designed to simulate field
gun firing shocks for the testing of ammunition components such as fuzes, projectile
components, explosive elements, propellants, thermal batteries, electronic packages,
timing devices, etc. These items are tested under setback forces for structural integrity,
functioning, strength, adherence, and deformation.
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The two air guns used to conduct the mechanical shock tests on the tomato
seeds were the 2 inch and 5 inch smooth bore guns. The 5 inch air gun was used for
the lower levels of shock, and the 2 inch air gun was used to attain higher levels of
shock. Both guns use high pressmire air instead of propellant powder to accelerate the
test item.

The guns consist of a breech section where the piston (or projectile) containing
the test item is inserted (fig. 1) and long barrel extensions, closed on the muzzle end,
provide an air cushion which decelerates the piston once it is fired. A 50-horsepower,
six-stage air compressor, connected to a booster compressor, is capable of producing
pressures to 30,000 psi to supply the breech. The aluminum piston is assembled with
an aluminum rupture diaphragm on the rear end and secured with a large nut. The
diaphragm has a circular groove machined on one side which controls the rupture
pressure and thereby controls the acceleration level. The highest level of acceleration
is reached by using the lightest piston assembly at the maximum rupture pressure.
The variety of pistons used to attain increasing levels of acceleration is shown in figure
2. The maximum g level was achieved by using a 2-inch piston with a diaphragm that
was machined as an integral part of the piston in order to obtain the lightest weight.
An exploded view of the 2-inch piston prior to assembly into the 5-inch piston is shown
in figure 3. A view of a typical individual 5-inch and 2-inch piston assembly with the
diaphragm ruptured from the respective piston (also shown with an unruptured
diaphragm alongside) is illustrated in figure 4. A disassembled view of two types of 2-
inch pistons with the foam rubber cushions is shown in figure 5. A more detailed
description of the air gun facility is given in appendix C.

Test Procedure

Two groups of seeds were subjected to increasing levels of acceleration: the
"control seeds" with test results recorded in tables 1 and 2 and the "space exposed
seeds" with test results recorded in tables 3 and 4. A group of seeds were placed in
the bottom of the piston cavity (fig. 6), insuring that none of the seeds were in contact
with each other. A piece of foam rubber was placed against the seeds to prevent them
from moving about during assembly of the piston and to provide a soft cushion against
the clamping action of the aluminum screw fixture. The 2-inch piston (fig. 7) was
placed inside the 5-inch piston (fig. 8) for a series of low g tests using the 5-inch air
gun. A diaphragm was selected to rupture at a predetermined pressure corresponding
to the g level desired. The whole piston assembly was then inserted into the breech
of ihe gun (figs. 9 through 12). Operating from the air gun control panel (fig. 13), the
compressor was started and permitted to pump until the diaphragm ruptured. The
sudden release of the restrained piston produced the mechanical shock experienced
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by the seeds. The maximum acceleration level produced was 119,380 g's as record-
ed in table 1. From table 5, it is noted that the average weight of a tomato seed is
2.762 mg. Therefore, in effect , 2.762 mg is equivalent to a force of 330 grams (0.73 Ib)
at the highest g level tested.

Upon retrieval of the piston from the breech, the cap was unscrewed from the
piston and the seeds removed (fig. 14) and examined under a stereomicroscope (fig.
15).

The individual seeds were then planted in the cell pack (fig. 16) and watered
daily or as needed (fig. 17), identified with a horticulture marker (fig. 18), and covered
with a plastic bag to maintain a humid and constant environment (fig. 19).

After the tomatoes have fully grown, the seeds were removed and stored for
future planting as follows:

1. Use a wooden cutting board

2. Use paper towel roll folded into six panels

3. Cut off one side of tomato from top to bottom to expose the seeds

4. Remove 1/4 to 1/3 of the seeds available from the whole tomato

5. Scrape the seeds off the cutting board onto the paper towel; do not remove
the wet flesh from the seeds

6. Spread the seeds out along a line on the paper towel

7. Mark the plastic horticulture marker with the appropriate information (e.g.,
experiment number) and place on towel along side the seeds

8. Roll up towel starting from one end; secure each end with a wire tie

9. Wash cutting board a-d knife after each operation to prevent the seeds from
becoming mixed with seeds from the previous operation

11. Mark paper towel on outside of each roll for identification (e.g., experiment
number)

12. Wrap paper towel roll with aluminum foil

13. Store the seemlz in a dry secured area, free from insects and rodents
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Test Results

16 April 1991 (table 1)

Out of the 12 control seeds tested at each g level in the air gun, six were
planted immediately after the test. The other six were divided into two groups of three
each which were reserved for future planting experiments in California desert soil and
Hawaiian volcanic soil.

On 15 April 1991, the following test results were reported:

* The control group of seeds were tilie last ones to germinate. However,
after 2 days, all that germinated were at the same height.

* The first to germinate was experiment 6, next experiment 4, next
experiment 9.

e Three out of six cells from each cell pack germinated in the early
stages with the exception of experiment 8.

• Experiment 11: Of the three plants that came up, only one seed was
not chipped. The other two had a portion of the edge broken off from the high g test.
Of those two, one had only one primary leaf instead of the usual two. Of the three that
have yet to germinate, all three were chipped.

9 Experiment 6: Germination occurred on 13 April 1991 at approximately
0730 hours.

* All experiments germinated by 2100 hours 14 April 1991.

16 May and 18 May 1991 (table 2)

The growth of the seedlings generally proceeded normally (fig. 20).
However, in experiments 4 and 8, an unusual event occurred--a dwarf plant appeared
(fig. 21). What the significance of this phenomenon could mean will be left to the
scrutiny of horticulturists. One possible suggestion is given in the following paragraph
on grass seed experiments. The development and progress of the NASA control seed
tomato plants (figs. 22 through 28) is self explanatory. On 26 May 1991, all the
seedlings growing under the artificial light, except the 11 plants (one from each g-
level) given to Alexandra Chutoransky, were transplanted to a garden in Pennsylvania
to avoid damage from the deer population at Picatinny Arsenal. The seedlings were
treated with 5 oz of "Glacial Rock Dust" and a handful of "Tomatoes Alive" which
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contains microbes to feed the plant roots. No chemical fertilizer was used. The area
where the tomato seedlings were planted had been in permanent sod for 44 years.

Comment on Grass Seed Experiment

The dwarf plant (fig. 21), which has never been observed before in
30 yr of experience with tomato plants, suggested the possibility of producing a dwarf
grass plant. It was decided to shock test six grass seeds tRebel II) at the same g level
range that the dwarfs appeared: 19,467 and 38,596 g as indicated in table 2. The test
results, however, did not produce dwarf grass plants. In fact, five out of six seeds
germinated on time from both g-levels, and they grew normally. Although the potential
for dwarf grass still exists, it was decided to discontinue any further air gun testing at
this time.

NASA Control Seeds Mechanical Shock Test

e No mutations were observed on the first generation.

e Germination was very late, up to 1 month after seeds were supposed to have
germinated. This was observed in five plants out of a total of 72 plants that germinated.

@ Tomato shape was uniform, coloration was normal and taste was typical for
the Rutgers California Supreme (Lycopersicon Lycopersicum) tomatoes.

e Growth pattern appeared normal.

* Seeds appeared normal.

* Height of the tomato plants and the size of the tomatoes were less than
normal (slightly smaller). However, this was expected because of the prolonged
drought from May through September 1991. Pennsylvania, Monroe County, where the
plants were grown, had 6 inch less rainfall from the yearly average. This drought
condition affected all crops in northeastern Pennsylvania. (Note: Since no water
faucet was available at the tomato garden site, irrigation was not feasible. Conse-
quently, water was delivered to the garden in 55-gallon drums on board a pickup truck
and using a hose to siphon the water from the drum to direct it at the base of the
plants.)
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30 August 1991 (table 4)

9 Out of the 12 seeds that were planted in Pro-Mix B soil, only five germinated.

e Out of the 12 seeds that were planted in California desert soil, only five
germinated.

e Normal germination takes 7 to 14 days. These took 2 weeks longer to
germinate or approximately 28 days.

* The others that did not germinate were watered daily and sprayed with
liquefied sea weed (liquid kelp). However, if these seeds fail to germinate, the
possible causes could be due to shock damage, insect (eaten), dried out, fungus, or
disease.

* For comparison, the germination rate reported from 100 elementary schools,
100 high schools, and 100 colleges across the United States ran an overall average of
70.3% for the control seeds and 73.8% for the space exposed (flight) seeds.

CONCLUSIONS

NASA Control Seeds

The percentage of germination (table 2) was higher than 50% at all g-levels.

The germination rate of the shock-conditioned seeds equaled or exceeded the
control group response. The extreme form of gr' iAty had little or no effect on the
germination rate. Considering the fact that the seeus were 6 years old, it would be
expected that the germination rate would be lower for both the control and shock
conditioned seeds.

NASA Space Exposed Seeds

At this point in time, 30 September 1991, the tomatoes are in the process of
flowering, and all growth appears normal. No mutations were observed.
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Chutoransky's Report

Surprising and significant results were obtained from their experiments as
stated in the summary of the report (app B): "While the abnormal tomato ripening
should be of research interest, the improved quality characteristics of the high-g
tomatoes could be of some commercial significance. Each deserves more extensive
and quantitative investigation."

RECOMMENDATIONS

It is recommended that other environmental tests on seeds be considered, e.g.,
high frequency mechanical vibration under ambient or combined with temperature
conditioning; sustained levels of acceleration for long periods of time in a centrifuge (to
60,000 g) which is available at the Harry Diamond Laboratories, a U.S. Army
Research Laboratory in Adelphi, MD, located conveniently next to the U.S. Department
of Agriculture Main Research Center in Beltsville, MD; or placing specimen seeds in a
pressure vessel and subjecting them to increasing levels of gas pressure. As far as
can be determined from inquiries to NASA, U.S. Department of Agriculture, and a
commercial seed company, no one has ever performed such tests before.
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Table 1. NASA control seeds mechanical shock test--
preliminary test results as of 16 April 1991

Shock test Acceleration levela Cells Cells

date Experiment ()1antedb germinating

4/8/91 Control 1 6 3

4/8/91 1 1,258 6 3

4/8/91 2 4,195 6 3

4/8/91 3 11,440 6 5

4/8/91 4 19,468 6 3

4/8/91 5 30,730 6 3

4/8/91 6 52,286 6 2

4/8/91 7 58,438 6 4

4/8/91 8 38,569 6 1

4/8/91 9 98,045 6 4

4/8/91 10 98,275 6 4

4/8/91 11 119,380 6 3

Preliminary Observations:

a. Germinations are proceeding normally.

b. Germination rate at 119,380 g is the same as the control group.

Remarks: Considering the fact that seeds have survived a shock of 119,380 g,
this accomplishment could spark interest in the botanical field to
consider using the air gun test facility for other research test programs.

a Acceleration levels of 200,000 g were achievable if certain parts were available.
b Only one seed per cell was planted.
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Table 2. NASA control seeds mechanical shock test results as of 16 May
and 18 May 1991. Potting soil type: Pro-Mix Ba

Growth height Growth height
Shock Acceleration Cell (cm) (m)
test Experiment (g) p Plant 16 May Remark 18 May Remark

4/8/91 Control 1 1 1 b 19.0
2 b 26.0
3 6.0 c
4 d d
5 d d
6 d d

4/8/91 1 1,258 2 1 b 27.5
2 b 24.0
3 19.0 c
4 2.5 Newly c

emerged
5 d d
6 d d

4/8/91 2 4,195 3 1 20.0 c

2 b 29.5

3 b 21.0
4 d d
5 d d
6 d d

4/8/91 3 11,440 4 1 b 28.0
2 b 28.5
3 13.5 c
4 24.5 c
5 20.5 c
6 21.0 c

4/8/91 4 19,468 5 1 b 29.5
2 b 25.0
3 19.5 c
4 18.0 c
5 3.0 Dwarf c
6 d d
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Table 2. (cont)

Growth height Growth height
Shock Acceleration Cell (Lm) =(cm
test Experiment (g) p Plant 16 May Remark 18 May Remark

4/8/91 5 30,730 6 1 b 28.0
2 18.0 c
3 16.0 c
4 20.0 c
5 d d
6 d d

4/8/91 6 52,286 7 1 b 26.0
2 19.5 c
3 18.5 c
4 d d
5 d d
6 d d

4/8/91 7 58,438 8 1 b 30.0
2 b 27.5
3 9.5 c
4 19.5 c
5 14.5 c
6 d d

4/8/91 8 38,596 9 1 b 18.5
2 b 23.0 Cracked
3 13.0 c
4 3.5 Dwarf c
5 d d
6 d d

4/8/91 9 98,045 10 1 b 24.0
2 b 29.5
3 14.5 c
4 15.0 c
5 d d
6 d d
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Table 2. (cont)

Growth height Growth height
Shock Acceleration Cell (cm) (cm)
test Experiment (a) plk Plant 16 May Remark 18 May Remark

4/8/91 10 98,275 11 1 b 27.0
2 13.5 Chipped c
3 16.0 Chipped c
4 16.0 c
5 d d
6 d d

4/8/91 11 119,380 12 1 b 21.0
2 b 24.0
3 16.5 Chipped c
4 d d
5 d d
6 d d

a Pro-Mix B soil does not contain any soil. It is a synthetic growing medium
available from a commercial supplier.

b Seedling transplanted from cell pack to paper cups on 13 May 91 and

transplanted to garden on 26 May 91.

c Height measurement of seedling taken when transplanted.

d Seed did not germinate.

12



Table 3. NASA space exposed seeds mechanical shock test, 24 June 1991

Seeds Seeds
Seeds planted reserved Seeds
planted California Hawaiian reserved

Acceleration NASA NASA Seeds Pro-Mix desert volcanic for future
Exoeriment (g) -canister l tested B soil soil soil use

Control* -.........

1 12,348 5 A 12 3 3 3 3

2 23,620 5 D 12 3 3 3 3

3 115,997 5 B 12 3 3 3 3

4 44,880 5 C 12 3 3 3 3

The NASA space exposed control seeds were not planted because the test results are available
from the many participants in the NASA program.
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Table 4. NASA space exposed seeds mechanical shock test,
test results as of 30 August 1991

Pro-Mix B soil California desert soil
Growth Growth

Date height height
seed Acceleration Cell Germination (cm) Germination (cm)
plan1te Experiment (g) pa;k Plant date 9/3/91 dte 9/3/91

a Control ...... c

6/24/91 1 12,348 1 1 6/30/91 31.5 6/30/91 34.5
2 -- b 6/30/91 33.5
3 -- b -- b

6/24/91 2 23,620 2 1 6/30/91 36.0 6/30/91 34 5
2 6/30/91 35.0 -- b
3 6/30/91 32.5 -- b

6/24/91 3 115,997 3 1 7/21/91 b 7/21/91 9.5
2 -- b -- b
3 -- b -- b

b/24/91 4 44,880 4 1 6/30i91 35.0 7/21/91 9.5
2 -- b -- b
3 -- b -- b

a The NASA space exposed control seeds were not planted because the test results were available
from the many participants in the NASA program.

b Seed did not germinate.

c The California desert soil compacted much more readily than the Pro-Mix B potting soil. As a
consequence, the roots encountered more difficulty in penetrating the soil. The compacted
soil, which was deprived of humus and other organic matter, also had little or no air space
(oxygen) for the roots to breathe. Therefore, it was to be expected that the roots in the Pro-Mix B
soil were much more elaborate.
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Table 5. Tomato seed weight and size chart

NASA (control) earth-based seed tomato Rutgers California Supreme

Dimensions
Weight Length Width Thickness Thickness

Sees (mg)m (mm) (in.)

10 avg 2.710 3.1 2.1 0.584 0.023
10 avg 2.470 2.9 2.5 0.559 0.022
10 avg 3.615 3.0 2.1 0.533 0.021
10 avg 2.596 3.0 2.6 0.457 0.018
10 avg 2.421 3.0 2.5 0.508 0.020

3.2 2.3 0.559 0.022
Average 2.762 3.3 2.6 0.584 0.023
Std dev 0.490 2.9 1.8 0.559 0.022

3.1 2.2 0.584 0.023
2.9 2.2 0.610 0.024
2.9 2.0 0.660 0.026
2.9 2.1 0.483 0.019
3.2 2.3 0.533 0.021
3.0 2.8 0.635 0.025
3.1 2.5 0.533 0.021
2.7 2.2 0.533 0.021
2.9 2.7 0.610 0.024
3.2 2.4 0.483 0.019
2.3 1.9 0.533 0.021
2.8 2.2 0.381 0.015

Avg 3.0 2.3 0.546 0.022
Std dev 0.2 0.3 0.065 0.003
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Figure 2. Variety of pistons used for seed test

Figure 3. 2-inch piston prior to assembly into 5-inch piston
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Figure 4. 5-inch and 2-inch pistons with ruptured and
unruptured diaphragms

A,

Figure 5. Two types of 2-inch pistons with foam rubber cushions
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Figure 6. Inserting seeds into 2-inch piston Figure 7. Assembling 2-inch piston

Figure 8. Assembling 2-inch piston into Figure 9. Inserting piston into 5-inch air gun
5-inch piston
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Figure 10. Closing breech of 5-inch air gun Figt,> . Inserting piston into breech

^1;

Figure 12. Partial insertion of piston into Figure 13. Control panel for air guns

breech



Figure 14. Removing seed from 2-inch Figure 15. Stereo microscope examination
piston of seed

Figure 16. Planting seed into potting soil Figure 17. Water application to potting soil
after shock test



Figure 18. Cell pack with horticulture marker

Fu 1

Figure 19. Cell pack covered with plastic to maintain moisture



Figure 20. NASA control seeds mechanical shock test,

experiments 1 through 11 as of 9 May 1991

24



r~AlJ

Figure 21. NASA control seeds mechanical shock test,
experiment 4 as of 9 May 91 (note the dwarf plant)
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Figure 22. NASA control seed mechanical shock test; tomato
seedlings in cell pack under light with timer for first

5 weeks

Figure 23. NASA control seed mechanical shock test; tomato
seedlings growing; light with timer set for 14 hours after
being transplanted from cell pack
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Figure 24. NASA control seed mechanical shock test; close-up
of tomato plants under the light

14-

Figure 25. NASA control seed mechanical shock test; tomato
seedlings exposed to first day of sun light and about
to be transplanted to paper coffee cups
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Figure 26. NASA control seed mechanical shock test; tomato
plants transplanted to garden

Figure 27. NASA control seed mechanical shock test; tomatoes
staked and interplanted with dwarf marigolds for
nematode protection of tomatoes
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Figure 28. NASA control seed mechanical shock test; tomatoes
grown from NASA control seeds after exposure to high
levels of gravity



APPENDIX A

PROPOSED AIR GUN SHOCK TEST EXPERIMENT ON SEEDS
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SMCAR-AEC-E 20 November 1990

MEMORANDUM FOR SMCAR-IS, Mr. Mark Eldridge

SUBJECT: Proposed Air Gun Shock Test Experiment on Seeds

1. In the quest for projects that could support the Air Gun Shock Test Facility,
in anticipation of declining workloads due to the shrinking defense dollar, the
"Seed Project" was conceived as a possible approach to create new business.

2. It is proposed to conduct a limited experimental test program on "Seeds" by
subjecting them to increasing levels of high "G" shock environment (up to 150,000 G's)
in the air gun test facility located in Bldg. 3111.

3. The object is to determine the effect of this high "G" shock environment on the
genetic structure of the plant seed-. and consequently its respective growth pattern.
It is planned to conduct appr-- ' .tely 10 shots in the air gun which will be perfored
free of charge.

4. It is hoped that the.e tests could produce surprising results that could interest
other Research Groups Lo follow through on their own test programs and thereby
generating new business.

5. A recent artxcle in the Picatinny newspaper, the voice, dated 25 Oct 1990, which
caught my attention, described Mr. Roger Wentling's work on Seed Gene Pool Preservation.
I contacted him and described the proposed seed project which he expressed a strong
interest in. He agreed to carry out the planting process with his associated equipment
and prepare a report provided he gets approval from his supervisor.

6. Therefore, it is suggested that a joint effort be undertaken on this limited
test program that can be mutually beneficial. The program will be limited in the
sense that this effort will stop after the seeds have germinated, the results
examined, and a brief report prepared if the results are significant.

7. Enclosed are some recent articles on other seed projects that you may find
interesting.

1 Encl CARLO DEFRANCO
as Mechanical Engineer
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THE SUNDAY STAR-LEDGER, June 17, 1990

PLANTING IDEAS ON SCIENCE
Seeds from space offer chance to learn about heavens

By KITTA MacPHERSON lesson on the interplay between the sun and the

biosphere will include a caution on how to
Exactly 100 tomato plants, 50 of which avoid skin cancer.

spent six years in space as seeds, have occupied Humor is also part of his equation.
the back left corner of Al Paganelli's high During a visit to Paganelli's class last
school honors biology classroom since April 12. week, a visitor observed the group in the pro-
Until last week, not one of Paganelli's 20 West cess of dissecting dead frogs so that muscula-
Orange High School students knew which were " ture and organ systems could be identified.
the standard Earth variety and which had been ' Is this the brain?" asked one student, his
space-borne. ,4, , scalpel a little too deep in the area he was

Of course, some had suspicions, constantly 4 pointing to.
scanning the lot for mutations. ' "That was the brain," Paganelli joked.

"We were expecting a difference, since A - "Don't be a brain surgeon."
half of them had been in space for a period of " , The tomato experiment is harder to trans-
time, and there was a sense that cosmic rays late into practical lessons, being more of an
may have had some influence," said Britt exercise in pure science in which students are
Kramer, a ninth grader who helped Paganelli being exposed to the classical scientific meth-
tabulate weekly growth rates. od, he said.

Others were skeptical. "I didn't think ' Along with the highs of watching the seeds
there'd be any difference," said Scott Jonas, a sprout and push through the soil were the lows
,6-year-otd member of Paganeli's class. "1 of taking weekly measurements. By this month,
couldn't believe that cosmic rays would have many of the students were beginning to get
any influence." bored with the routine, he said.

National Aeronautics and Space Adminis- At that point he reminded them they were
tration (NASA) officials were betting on such close to the end, when he would reveal whose
differences among students when they created seedlings had journeyed through space. "That
one of the country's largest ever school science seemed to give them a lift," Paganelli smiled.
projects, which is coming to a conclusion. The students made daily observations of

Called the SEEDS experient, for "Space the plants within the first two weeks of plant-
Exposed Experiment Developed for Students," ing, and then took weekly measurements of the
the project was designed to make students in- plants for the next eight weeks.
terested in science and the space program. Although the rates of germination didn't

As part of the experiment, about 12.5 mil- vary between the two groups of tomatoes, there
lion tomato seeds were lofted into space aboard did appear to be a slight disparity in growth
an il-ton satellite in April 1984. rates, with the space-borne seeds producing

The seeds were to have been retrieved slightly more stunted plants, Paganelli said.
after about 10 months. But the January 1986 As students throughout the country com-
Challenger disaster brought extensive delays to plete the experiment and send the results to
space travel, postponing retrieval of the seeds Pho by im Va. NASA, the space agency will condict a statisti-
until the January 1990 flight of the Columbia Biology teacher Al Paganelli, right, and cal analysis and reveal the results later this
space shuttle. student Scott Jonas water some of the to- year.

That extended voyage invited inquiry, mato plants grown from seeds that spent Paganelli, however, was quick to note that
since it allowed the seeds to be exposed to a six years In space the experiment lacked many parameters that
mega-dose of radiation, in space terms, on would insure uniformity among students at dif-
March 13, 1989, when a solar flare induced one so we were never really afraid," Britt Kramer ferent schools.
of the largest geomagnetic storms ever to said. For example, students were not told what
sweep the Earth. By most accounts, however, the plants kind of soil or fertilizer to use, so that will vary

took a little getting used to. In April, when the in different regions of the country, Paganelli
Curiosity turned to controversy in April, seeds began sprouting in pots, students shot cu- said.

when it was reported NASA had failed to in- rious glances to the back of the room at their During spring break, many studentsform schools that the company producing the leafy visitors. By May, the plants had become across the country were allowed to take plants

tomato seeds had sent a memo to the space part of the scenery. home, exposing them to a host of different en-
agency advising them to warn schoolchildren Last week, the tomato seedlings had vironments. A core group of Paganelli's stu-
against eatmg the tomatoes. rst consid- achieved pet status, destined for the homes and dents, instead, came into the school over springered pulling the plants out of school, but re-con- gardens of their student-observers for the sum- break to care for the plants.Because the students received the seeds so

fr Throughout the experiment, the student's late in the school year, there was not enoughof a mutated plant producing poisonous frut 42-year-old mentor observed the students' be- time for the plants to produce fruit, so that will
was the same for the space see s as for stand- havior with a sense of admiration and humor. have to be observed over the summer and re-
ard Earth varieties. Paganelli has taught biology at West Orange ported back to the schools in the fall. Stu-

Nonetheless. officials at many participat- since he graduated William Paterson College dents have also been instructed to collect the
ing schools, like the Fords Middle School in with a biology degree in 1969. He said he is not seeds produced in the fruit for future exper-
Woodbridge. told students not to eat the toma- so sum that the NASA eperiment will ton- ments. I
toes as a precautionary measure. vince his students to become scientists. Scott Jonas, the skeptic, said be had en-

In New Jersey, several schools are parti- "A lot of these students are good at every- joyed the experiment. It showed him the grow-
cipating in the national experiment besides thing," said Paganelli, who teaches three other ing environment of Earth might be superi-
West Orange. They include schools in Wood- sections of biology students from the ninth and or to a zero-gravity habitat, he said. As a re-
bridge, Mountain Lakes, Newark and Franklin 10th grades. "I don't see it as my job to talk suit, engineers designing space vehicles for
Township, Somerset County. them into being scientists. I am supposed to long-term space travel might have to mimic

Although there were jokes about giant to- help them find for themselves what they are the Earth if they are to create a growing envi-
matoes growing in the back of their West good at and help them pursue that." ronment that is fruitful, he said.
Orange classroom, students there never re- As part of that philosophy, he promises his Whether or not the data is scientifically
garded the plants as threatening, their fears students that with every day's lesson, he will reliable, Paganelli believes the students will
assuaged by their teachers. impart a practical notion that they can use. carry away a different lesson. "They learned to

"We knew the board of education would As a result, a biochemistry lecture will care for and manage living organisms," he
never let us have anything dangerous in here, explain how specific foods cause weight loss. A said. "That is not such a little thing."
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NEW YORK POST, THURSDAY, NOVEMBER 8, 1990

Scientists
'dust' off
old theory
about origin
of Earth life
The chemical "seeds" for life

on Earth may have arrived on
dust that fell from disintegrating
comets, a new analysis suggests.

That would have occurred as
Earth orbited through huge dust
clouds that were rich in organic
molecules, scientists say.

The suggestion has been made
before, but the new analysis
finds evidence for it in a recent
dibcovery in Denmark.

Kevin Zahnle and David Grin-
spoon of the National Aeronau-
tics and Space Administration's
Ames Research Center at Mof-
fett Field, Calif., discuss the hy-
pothesis in today's issue of the
British journal Nature.

The Danish discovery, reported
last year. was that some ancient
soil contained concentrations o1
amino acids that apparently
came from outer space. Amino
acids are crucial to life.

The amino acids appeared in
strata above and below a layer of
the element iridium, which some
scientist say marks the impact
of a huge meteorite that killed
off the dinosaurs 65 million
yedirs ago.

The scientists who found the
amino acids suggested that they
had arrived on the meteorite -
an idea that met with some skep-
ticism.

Zahnle and Grinspoon suggest
that the meteorite was only a
chunk of a large comet, which
created a dust cloud that lasted
thousands of years. Dust from this
cloud deposited the amino acids in
the soil before and after the mete-
orite impact, they propose AP
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o f porized during the comet's collision w~ith theDid a Rxainf o Co mets atmosphere, the inner parts might survive
r% unscathed and float gently to Earth.

Chyba is skeptical. "You must still removeN urture Life? from the comet the millions of megatons of
TNT worth of heating that would occur

In recent years origin-of-life researchers have buzzed over a provocative notion: that 'A'ith a largc irnpactor"--enough to dcstro)y

comets could have supplied Earth u'ith all the building blocks for primordial liin organic nmaterial throughout the comet. "It
molecules From 30 September to 2 October, 55 specialists gathered at the University Of lust seems too hopeful." Still, says Thomas,
Wisconsin at Eau Claire to discuss 'Come'ts and the Origins and Evolution of Life, he and Chy-ba would be intcrested in seeing
debating some intriguing proposals about hou comets might have contributed to those acomputer model of a comret inmpact incor-

origins - and how, their signature might still be discerned. porating Greenberg's notion, to see if it
gives a more hopeful prognosis for the sur-
six-al of comectary organies.

'u t imprt oganis."Thle discos cix also has a praci ral imiplica
Brin ing Co et i F, As Sagan and his colleagueCs tion, GrcenbeLrg pinits out. In 200)2, thle

for Landing y Christopher (irs a and Paul European Spacc Agcnc) plan% to launch its
. Thonmas of Cornell and Leigh Rosetta mission to drill a 3 meter core

A Lcint, so thfc phrase goeis, is a Brok ass- oif Yale Unliversity sample fronm a comnet and ret urn it to Earth.
dirts snowball, and much of that sho%%ed in a papecr last year in Thanks to the powecrful insulating, proper-
dirt is organic miaterials formal- Science (27 Juily 1990, p. 366), tics ofcomeitary ice, Greenberg says, drilling
deh ,ldc, hydriigen cxanide, anid that's no mean feat. According so decp may not he necessary. "Ei-sen peni-
Monre o"Inrplo: substancs. But to their eComputer simulation, odfic comets heated by the Scil preservec
those raterials are also fragile. only nmall parts of a comet plow%- pristine interstellar matter in cold storage at
WhatI a %\ astIt %\ ouLld liar been, ing into the at mospliere wkould relatis-els' shall(rNw depths- of just tens of
sonuic researcrs St rid\ ig the origins of life sta\r cool enough to preservec organic ehemi- enrtimectcrs, hie estimates. But the deep cold
say, if that iorganic cargo had been destro\ ed cals The group did bold OUT the hope that just Under the ciimet's skin also means, he
b\is the heait ut itipact as comects bombarded if small fragments broke off the comnet and says, that getting the climet stuff back to
the earl\ f-.rth Ift hose fragile coripounds xs afted gently to Earth, the organic mateni- Earth in its nativec state may- require "a
hid xi me hcix sues red, these researc hers als the\- harbored might smrs-iC BUT reater eff ort to prov ide the lo\Aest possileI
think, the ' c-iu~ld hare pror led lie starting Greerrfxerg told the coinfcrc-nlce that he no\w ret urn temperature - -preferably les s than
point for t hc c herical cxi liitirin that led to has reason tci think ninch monre of thle Co. 20' K" -to match the cometar- deep freeze.
miore corirples milecriles like amnino acids, nretarv cargo could suixix the collision.
nucik acids, arid, tiltirriatels, tile giant Ile basshis pripuil on lirator\ simu
111014.1riles (It 1ir iTii thitngs latuins of' tfre ic\ particles that miake tip A Cometary Source for Cock-

That's xx here as riphis ic ist I MIas i o uirtiets. To create themi he condenises mix- eyed Molecules?
(;ree irbe rg cit the Ui, 'hs rsitv of I eiden tcirex of scalert sapor, nmethane, carbon moo-
conies iii H(I thi nks he krioxs hiss tii get oxide, anti iither gases present in iritersiellar Stanford Unix ersit\ chemis, X'xilldan rlitter
he orga inc, bulinITg bl cssafel\ to [ art h. spase (onto a glass plate coilecd to I OWK. has a special reason to root for J. Mayo

Kes ti, that Iiapp\ landing, hie told his audi 1-arlier experimrents bad showsn that the ice Greenberg- Iteoniet -stuffcorild has e landed
cric at the meetiin. are his recent stuies oif depnisited at these loss temperatures is amor- intact on the earl\ Earth, he explained to
the insulating propecrties of ocritar\ Ice, phrrus. hasing a disorcerls molecular strue - meeting at teci(cs, he and his fellim\ chent
xxIn hr~ he thirnks comild pn ted i rgarric mu! ture rat her than the Uasual c-r5stalline otre ists xxho have been puzzl,7ing oxer molecular
cynttcs fromr the heat of impact Amorphous ice ceindriets heat more sls-s handediness could get on \viih their lives.

\Nit c\ erc one agrees %% ith the alssum'ption than crstalline ice Nos Greenbeirg has One of the mocst nwstcnous features of
iniplic it in Greenberg's proposal -that found that when the ice is deposited \ers present-day biomnolecules is the fact that the
th cre's a tneed for anl extraterrestrial souirce sl(r\ i1\, as it %% ould be onl interstellar grains,, its ribose antd deo\.\ibosc sugars% in DNA atid
of organic compnpirids At the 1- au Claire t hernial conduetisiirs ___

nicerng, themrist Stoitilex Miller of the t'nr cii er still, bi, a factr [I
se rsxt of Califortiia, Sari Diego, tanir fisor of' 10,000 to 10(1,000I

the l-) 0s cxpeuireni In xx hich he spaded -The reason, he spe,
tile t'firrrirrI ofA o a 1n 0S aciard h),r'ogen ulates, max be the

dcf'cnr,, the tradiiornal %iex' that tire )f_\x atcr ni,lecirlestha
enpurilsid \Ncrc hl,mnrrrrn Rctii bareT1 a, cnnmiiatcd!
dri. ci 1-\ befi'r arid ti'li~ax t leht in a sixxArid the cffrt

r w-i dc h-n in ianrpruir o,* this ex!r.4ordinrlHl
kifl I~rt!"sp here he saiud. cukldi hare prrx iss\ thermal condu
dihui cih th ic lxix:bd-or Hr k trxripo,unnds t r nrnht hare bete-
toird In o,,riict, Bu;t uu::,fr dlitcrent 1txill

m .ird (rrgalic rLila
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APPENDIX B

EFFECTS OF GRAVITY FORCE ON TOMATO SEED CHARACTERISTICS

GERMINATION, GROWTH, YIELD, AND QUALITY

Alexandra R. Chutoransky
Peter Chutoransky, Jr.

October 4, 1991
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SUMMARY

Tomato seeds subjected to ultra-high gravity forces between 1.3 and 119.4 thousand Gs were
studied from seed germination through produce yield and quality evaluation. Seeds were germinated
in and plants grown in both potting soil and lava rock. One batch of seeds was seaweed pre-soaked.
NASA seeds which had been exposed to zero gravity were included in the germination portion of the
study. Controls were used in all evaluations. All seeds were supplied by Roger Wentling and Carl
DeFranco of Picatinny Arsenal.

Differences related to G-force exposure were observed. The most pronounced was the tomato
produce quality at higher G-force. At high Gs tomatoes were superior in overall quality, had smaller
amounts of seed liquid mass, thicker and more solid pulp walls and very good to superior taste and
texture. All were generally poorer for the control and at lower G-forces.

Abnormal off-plant green tomato ripening was also observed for seeds subjected to G-forces
between 4.2 and 30.7 thousand. Rather than ripening in a sunny window, they aged as solid brown
discolored tomatoes and then became wrinkled like prunes. The non-ripened portion remained solid
green tomato.

While the abnormal tomato ripening should be of research interest, the improved quality
characteristics of the high-G tomatoes could be of some commercial significance. Each deserves
more extensive and quantitative investigation.

RESULTS

Germination - Seeds Subjected to Ultra-Hieh Gravity Forces

With the primary batch of seaweed-soaked seeds, germination time varied between 13 and 33 days.
With the lava rock medium most of the earlier germination times were observed; additionally,
germ ination yields were 60 % higher.

Germination Times
10-17 days 32-33 days # Genninated

Soil 1 (25%) 9 (75%) 10
Lava Rock 3 (75%) 3 (25%) 6
Total 4 12 16

Germination Yields
Germlnatcd Planted Yield

Soil 10 24 42%
Lava Rock 6 9 67 %
Overall 16 33 46%

All early germination seedlings were long, leggy and weak due to lengthy exposure to damp dark
extended germination period. None were able to tolerate bright sunlight and all died within 2 to 7
days in the greenhouse.
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Initial real leaves were observed on all seedlings between 36 and 38 days.

Plants in lava rock grew much more slowly than those in potting soil, requiring daily watering with
weak fertilizer solution to keep plant roots moist and to prevent total dehydration.

Plant Height (inches)

Day 61 Day 99 Day 145
Soil 8- 11 14-26 20-25
Lava Rock 2-4 3 - 5 15-18

Gennination - Seeds Exposed to Zero-Gravity in Space (NASA)

Germination imes with NASA seeds similarly seaweed pre-soaked, but at higher temperatures. were
between 12 and 20 days. These seeds were all germinated in seed sta-ted soil, none in lava rock.
Overall yield was comparable at 50 percent with two-thirds maturing to full plaints.

Genn inat ion Times
1 2 days 15 days 20 lays Total

Soil 3 1 6
(33%) (50%) (17%)

Germination Yield
Germ inated Planted Yield

Soil 6 12 50%

Germination - Seaweed Soak Solution Concentration Analysis

The effect of seaweed soak solution concentration was detenn ined with control seed and at the same
temperature as the NASA seeds. Again all seeds were genninated in seed starter soil, none in lava
rock.

Germ ination times for the control seeds under these conditions were shorter and germination yields
higher than with either the earlier test batch or the NASA seeds. Additionally, germination times and
yields were independent of concentration which was varied from .002 to 4.0 tablespoons per gallon
of 50/50 MaxiCrop/Enzoom seaweed powder and hormone, respectively. A pure water control was
used. Both the earlier batch and the NASA seeds were pre-soaked at 1.0 tablespoons per gallon
concentration.
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Overall germination yield was 87%.

Germination Times
(Control Seeds)

13-15 days 20 days 50 days # Germinated

Seeds Geminated 45 2 1 48
(4-5 seeds sets) (94%) (4%) (2%)

The percentage of seedlings growing into mature plants was 3 times better when pre-soak
concentrations were higher.

Maturig to Full Sizc Plants
(Control Seeds)

(Maxicrop/Enzoom Tbls/gal) Water & .002- .125 .25- 4.0

Grew to Mature Plants 9 18
Seeds Geminated 33 22

(% to Mature Plants) (27%) (82%)

Initial Flowerini & Fruit Production

All plants were container grown (12 inch cylindrical plastic pots with peat moss based professional
quality potting soil or lava rock). As mature plants they became root growth constrained and
frequently experienced very dry soil conditions even though watered daily. Lava rock plants needed
to be watered once or twice daily, but to-date are not large enough to be root-growth constrained.

Initiation of flowering and initial fruit formation occurred between days 95 and 100 for all seaweed
pre-soaked specimens in soil. Both flowers and fruit were well formed, standard in appearance and
grew normally for all plants, independent of ultra-high gravity treatment.

The observed variability in plant quality, foliage die-back, initial production of vine-ripened red
tomatoes, etc could not be directly related to ultra-high gravity force treatment.

Abnormal Off-plant Fruit Ripning

Tomatoes subjected to gravity forces between 4.2 and 30.7 thousand Gs were observed to ripen
abnomally as green tomatoes. These tomatoes fell off the plants into soft grass when the potted
plants were blown over by a strong wind with no visible damage. These green tomatoes were placed
on a sunny window to ripen.
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Rather than ripening to deep red tomatoes, they developed a deep dark brown discoloration from
within, similar to a "black and blue" on your body. The area of discoloration never softened or
decayed, but remained firm even when half the tomato progressed to this state. The result of further
ripening/aging produced tomatoes that looked like prune s with badly wrinkled surfaces over most of
the tomato. These areas were dried-out , not rotten or soft. The remaining green tomato portion was
still firm and soil, just as it was when placed in the sunny window to ripen.

Plant Growth and Tomato Fruit Yield & Ouality

When substantial tomato production occurred (25-50 or more tomatoes per plant), severe die-back
was observed with most plants; stalks were generally broad and strong. When tomatoes were fully
vine-ripened red, many plants had essentially no foliage left. A few generated new well-formed
green shoots after 100 days, growing nicely over the following 20-30 days to-date.
While variability occurred, some definite trends were observed.

o Overall production of vine-ripened red tomatoes from plants in the ultra-high gravity force
ranige 58.4 - 98.3 thousand Gs was about 2.5 times that of the other plants, 1700 versus
700 granis per plant (Roger Wentling non seaweed pre-soaked)

- While overall yield appeared G-independent, the control plant just started to yield
minimal quantities of red tomato produce 3 weeks after most other plants.

(Seaweed pres-soaked plants)

o Produce quality, taste and texture generally improved with increasing G-force.

- Overall, tomatoes were fair-to-good for control and low-G;
very good-to-super at high-G.

- Large amounts of seed-fluid mass for control and low-G;
smaller amount (about half as much) at high-G.

- Solid pulp walls numerous and thinner for control and low-G;
much thicker and most of tomato at high-G.

- Taste, texture and deep red color fair-to-good for control and low-G:
very good-to-super at high-G.

Note: Superior quality, taste and texture were obtained with the seaweed pre-soaked
samples. While Roger Wentling's non seaweed pre-soaked were poorer,
similar trends were observed.

Tomato Seeds for Follow-up Studies

Seeds were collected for second generation genetic permutation studies from all plants, both seaweed
pre-soaked and not.
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PROCEDURES

Seaweed Pre-Soak

A solution of Maxicop soluble seaweed power and Enzoom seaweed hormone liquid was prepared
by mLxing 1/2 tablespoon of each in a gallon of water.

Each batch of 2-3 seeds was placed in about 50cc of solution in a glass cup and covered with clear
plastic wrap. They were allowed to stand at room temperature in a dark dry environment for 3 days.

Planting Seeds

A plastic tray with 2"x2"x2" cubes was filled with Hoffman's Seed Starter natural soil (peat moss
based), soaked with water and the 2 seeds from each treatment & the control were placed about 1/4-
1/2 inch below the soil surface.

One seed from 6 treatments and the control were also planted in crushed lava rock about 1/8-1/2 in
size (original lava rock was 1/2 - 2 1/2 inches).

The trays were covered with plastic sheet, kept at room temperature and placed where they would
receive very little light. When most of the seedlings had germinated the plastic sheets was removed
and the seedlings moved to the greenhouse.

Note: With the initial germination batch, most of the seeds had not geninated after 18 days and
the tray was moved into the greenhouse which was bright with sunlight and often went up
over 90 degree during the day. Gemination of most seeds occurred about 2 weeks later.

Seedl ing Growth under Lights

The trays of seedlings were placed under fluorescent light (6 40-watt soft and cool white lamps) with
the lamps only 1-2 inches above the top leaf surface. Light was maintained 16-18 hours daily.

Note: The lava rock plants were still very small and were kept under lights till about 6" high.

Transplanting into Large Pots

-When approximately 10 inches high and very strong, the plants were moved to 12" diameter x 12"
high plastic pots with with the roots as low as possible in the pot, often with 1-2" of the bottom.
Professional quality peat moss-based potting soil (Fisons Sunshine Mix #2) was pre-soaked and
used for all samples germinated in soil.
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The lava rock samples were placed similarly in 10" diameter x 10" high plastic pots with 1/4-3/4"
lava rock as tile growing medium.

Note: The following items were added to the soil or lava rock for each plant when transplanted
1 Tablespoon Tomatoes Alive
1 Tablespoon Garden Limestone

Plant Fertilization

Plants in soil were watered daily or when dry and fertilized with Miracle Gro for Tomatoes weekly at
the rate of 1 tablespoon per gallon per plant weekly. The lava rock was fertilized daily with a
solution about half this concentration.

Gathering Produce

Tomatoes were picked only when fully vine-ripened red. They were weighed and judged for
quality.

Tomato Seed Collection

Fluid seed mass (50-100+ seeds) were extracted and rolled in adsorbent paper towels to dry and
store over the winter for further studies next Spring.,

Qualitative observations were made about tomato quality, as well as variations in solid pulp, amount
of tluid seeds mass and taste, texture and color of solid tomato pulp.

Note: Exact measurements were not made, since the significant of variations with G-force was
not realized until later analysis.
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Table 3

TOMATO SEED GERMINATION - SEAWEED PRE-SOAKED

Run Gravity Soil Soil Lava Rock

Force 1 2 3

Sample Gs (000)

Control 0 x 32 days x

1 1.3 32 days 32 days none planted

2 4.2 x x10 days

3 11.4 x x 32 days

4 19.5 x 32 days 33 days

5 30.7 x x x

6 52.3 x 32 aays x

58.4 x x none planted

8 38.5 32 days x 32 days

9 98 32 days 32 days IT days

10 98.3 32 days x none planted

11 119.4 13 days x 1 1days
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FIG. 1 SEEDS BEING SEAWEED
PRE-SOAKED.

FIG. 2 PLASTIC CUBE TRAY CONTAINING SEED STARTER
SOIL AND LAVA ROCK - RUN 2 SEEDS.
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FIG. 3 YOUNG SEEDLINGS EMERGING FROM SEED STARTER
SOIL AND LAVA ROCK - RUN 11 SEEDS.

FIG. 4 TRAY OF YOUNG SEEDLING UNDER COOL WHITE
AND SOFT FLUORESCENT LIGHTS.
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FIG. 5 YOUNG SEEDLINGS IN STARTER SOIL WITH
INITIAL REAL LEAVES - RUN 10.

ii ,FI

FIG. 6 TRAY OF YOUNG SEEDLINGS WHICH GERMINATED AT
32-33 DAYS. NOTE SMALLER SIZE AND SLOWER
GROWTH OF SEEDLINGS IN LAVA ROCK



FIG. 7 ABNORMALLY RIPENED GREEN TOMATOES SUBJECTED TO GRAVITY
FORCES BETWEEN 4.2 AND 30.7 THOUSAND Gs. NOTE BROWN
DISCOLORATION AND FIRM STRUCTURE OF ENTIRE TOMATO, BOTH
BROWN AND GREEN PORTIONS.

FECT

FIG. 8 CLOSE UP OF 'DECAYED' TOMATO -RUN 5.
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FIG. 9 TOMATO PLANTS GROWING IN LAVA ROCK - RUN 3 & 8.

NOTE: ALL SINGLE PLANT PHOTOS BELOW HAVE BEEN SUBJECTED TO
ULTRA - HIGH GRAVITY FORCE AND ARE TYPICAL OF MOST NON - SEAWEED
SOAKED PLANTS FROM ROGER WENTLING.

IA

FIG. 10 INITIAL WELL FORMED TOMATOES
AND FLOWER IN CLUSTER.
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FIG. 11 TOMATO PLANT WITH
MINIMAL DIE - BACK.

FIG. 12 GROUP OF TOMATO PLANTS UNDER TEST,

MOST SHOWING SOME DIE - BACK.



r HL

FIG. 13 CLUSTER OF GREEN TOMATOES WITH PLANTS SHOWING
SOME DIE - BACK AND DRIED - UP LEAVES.

FIG. 14 MATURE PLANT WITH LARGE CLUSTER OF TOMATOES
AND MOST FOLIAGE GONE.
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FIG. 15 NUMEROUS TOMATO PLANTS WITH MANY RED VINE - RIPENED
TOMATOES SHOWING SUBSTANTIAL DIE - BACK AND DRIED UP
LEAVES.
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APPENDIX C

AIR GUN TEST FACILITY AT PICATINNY ARSENAL

(Article presented in Technology Review, Vol 1, No. 6, June 1991)
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LAB REVIEw

AR GUN TEST FACIulY AT PIC/NrJY ARSENAL

by Ken Stewart

tt(1j(0 . AH11cili( Ccftc I1(411UI C h('S'itrcl.I)C Jill rs

tiul1 N1I. miul ls" (I fill-tiher ol ithe SAVIA( Thilic4I

'I'oll, t ']iitittrital Test Secltion ol (t(- Arniv

1s1iitttliui ItsE prvidtttt I 11115 50(1 laS

lottroc I (trlp t2,t t.icililt( as wetll 1s zuri c

A0(11l I, k I tlit icj ar 1(1 -rilt1 i t nultr'u (hl ilure
11.'dl ;\I por tie ifitcorat 1)a(eti mid ther cIlight1

Figure 2 Test item mounted in piston with
grooved diaphragm (cross sectional view) for five-

xk'eiL~1it p151011 lWlotlLli I lie Lit il larrel h\. illealls of
(om~pI-esst -i (or ti. is). The pistoni is "tlopped In'
the 'ompjressionl 0i air allead of it ill the barrel
alh1owilllg lt Soilt reucv 0 thet leIs itctl.

'ihe 5 inch1 L~miU is it '\it-\ 5 mutu/ 51 caic~r

(leck tiil o0 Worldl \\'ilr I vllll.(. s'lip)1litl bY\ (li

Naval ()rdtiallee Liibotiitorv (nowv I lie Naval SmrLICC
WiVartr ( en ter/Wiiii O a k). The L~i il is smloothi
b)ored( A and I ti' with I arrel exticlsiolls to provile a
total harrcl h'ngt ii oI 80 tet. 'Ile( ctettlsiois arc

stipporteil ()it rollers Ilo allow Iret rec-oil lll()\lllelit.

inchels ill (lilllctcl, antI( call Jprtwltl a l~aIllAillill

W: accteraittn ot up to 50,000 & . 'I'll Icst itcm1 is
"I l mounted( ill at pistll a iihowit ill li. u rc 2. At tached

Figure I Five-inch (left) and twvo-inch guns viewed to ilhe bI)se o1I Ow pust oll is a al 11114ili gooved

from breech end
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Figure 3 Breech-end view of 155 mm gun

(itJphrid. fi~l xhlih !II)I111" tS A itA (Ic "4ilhtt( cd air 200.000) iq. it). tt~ I 1, '2 i yhr, ill (IjiAiV

prvsslirct ' his Srl(I(It ofC~-( o n (tI1Jlrc~s.td Alir (cIcrtX1in acuc'p~lti~ lic 2 11it I i ii , l(IIlcr ill the

Tht 2 ii i I _ot hv it a siooth ii ore. is 65 'lci 'I'( 5 inichI md1 2 itit hIi ji i - tw l/A.1 iI i-

Figure 4 Shown before the 155 mm gun are, from left to right, the telemetry package, spin piston.
metering sleeve and chamber block
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14tonitionls producc by 11h variouls giins. li tvtr-oni
14 Le~endthese dificulties. the 155-ininmgun was (l('sigiled to

providle a ilitire cotntrollabile air pullse.
12 5-inch air gun Thel( 1 55-11 1111. hasecl onl a 1 55-nm fielid

a - 155mm ai r gun hlowi t ter gil 1Ii sselihlv (I ift'rs i ii I) ways fronti the
S10 5-inchI and 2ich gt iii. First, it is rifled. inst ad o f

------ elO gunsmhltthl fored. 'this providfes addtitionlal realisnil to

- 8 thi, test.-I'he( 155 [inii guni is fitted witl it stijootit
bore biarrel extension to give it at total lengil of 144
feet. Second. thle high41 prcssiire air is introduci(ed
behind the piston il at controllable iiiatincr t hr( ii.gh
adjust able mietering sleeve ports (Fiitre 4). 'Iiiis

4permits tailoring thle rise port ion ofi the at-celerar tiii
curve to more t-losel v simutlate actunal Lgtli firlig.

2 Figure 5 shows the diffen-c acheval inl the
acceleration pidise lbetweeililthe 2 andt 5 inch gL ills

0 - atnd the( 155-iii gunl.
0 2 4 6 8 10 12 14 16 All ctdlli iiial implrolvemenitl prtovided for t lie

Time (Milliseconds) 155-inin1 lguin is tile (dig.i~fitil ii'r miodle~t. 'Ilit
- existiing meithiods tof act-i Iirii ig test dlata were I ot

Figure 5 Comparison of acceleration pulse among ad(Il(jiltt to- (ollilettI detscribe' thle aclt(tat ion
the 5-inch and 155 mm air guns and an actual field anid ',pill iii the pisttoi. A llexv - apailitv ltilitiilg- ail
gun ol1-ibtarr dhigital ieilioly iiiotitlt. (Ic' eltpetl 1)

ARI)EC's Telcnct ry Sit'ttion. perllit is t-oniplctt'
chjaracterist ics of field guin tiring acceleration and ellaracteritatilin oif the hallistic latimt-i t'ivirill
the simulation proividedl by the diaphragmi method mierit. 'Ilie Ilitodulei is (tllIltel *v self totlillt'd.

in Ifte airi guns indicated that there was much to be with its own poiwer sulylV siLgnail colltlit ionilng
desired. Thle rise time to peak acceleration in the air etectronics, analog - to (ligita t-tllverters. internal
gtill is miuch laster thatn in the field gun, and there clock. digital niemiorv'\. an iil ralog(i~ (liit fal rteadout
is tit sigiictanlt (]well t ifie atrounrd the miaxiniriln after ret-ove rv ] i nit ideltcail rectord twouh-iiai cis
level. - The acceleration decavs nirich faster in the air if illforillatiou atlt'si~'iiit.si-li c-'ea tl

i~tihi. -111( as at result, thle Uiaximii velocities are Spin,. test Htein incottioll etvetnts. orvxoltaLge. aiid cani
su bsiant iallv lower. In addition. using thfe dia phragii operate ill ellviri )Illllt i ) toi 20.000 g.
mlet hod does ilot permit 'ont rol over tilie shape tof- Table I providles i sinllllarv tf' tlit ir gun's
hel( at'celerai ito pulse whenl trving to siflllildi e tiit per-f rii le't (ariat ristitws. Atddit ional ilit( Irma

ionl lIa' be1 obtaiiit't frontIltit aiti lir.

Table I

Peak Nominal Approximate
Facility Amplitude Rise Time DecyTimre

5-inch gun 50,000 g 0.25 msec 0.8 msec
2-inch gun 200,000 g 0.25 msec 0.8 msec

155-mm qun 20,000 g 2 to 4 msec* ito 10 msec

*Rise Time can be varied.
*The range (acceleration amplitude and duration) of the 155mm gas gun ballistic simulator is as follows

Acceleration Parameters Range
Rise time 2 to 4 msec
Duration Approx. 5 to 45 msec
Amplitude To 20.000 g's (at 20 lb)*
Spin rate To 86 rps

*The attainable g varies inversely with weight With a 1000. reduction in weight. the attainable g increase is 101.
The maximum attainable g is tess at the longer durations
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